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(57) Abstract 



The invention concerns a polypeptide possessing 
thyrotropin receptor activity, characterised in that it com- 
prises the amino acid sequence (shown in Fig. 11), or a 
fragment thereof, or an amino acid sequence derived from 
this sequence by substitution or deletion of any of the am- 
ino acid residues (indicated in Fig. 1 1), or by insertion of 
additional amino acid residues. 



MuMan TSHR 
Cog TSHR 



Hunan TSHR 
Dog TSHR 



Husan TSHR 
Dog TSHR 



Hunan TSHR 
Dog TSHR 



Hu«an TSHR 
Dog TSHR 



Human TSHR 
Dog TSHR 



f basin and dog TSH r«c»ptor •■qu«no«« 

20 1 20 40 

IWPMIJ^LVIJXDLPRDI^ntGCSSPPCECH^ 

PP H A A S K P D HT F 

60 80 100 

ETHLRTIPSHAFSKLPHISRITVSIDLTI^LESHSFYHi^SKVTHIEIRNTRHLTYIDPD 
QICR L A R M SS 

120 140 160 

AlJCELPLLKFIXSIFHTGLKHTPDLTKVTSTDIFFIIjEITDBpyKTSIPVHAFQGl^lQIIl* 
GV V V A A 

190 200 220 

TLKLYNNGFTSVQGYAFHGlKLDAVYLNKNKTLTVIDKDArGCVYSGPSLLDVSQTSVTA 
I H SA T Y 

240 260 260 

LPSKGU5Hl.KELIARHTWTLKKLPLSLSrLHLTRADLSyPSHCCArKH0ICKIRGILESLH 

300 320 340 

rH^R SHQSIiRQRKSVNALHSPLHQETEENLGDSIVGYXgKSKrQDTHHHAHYYVrrEgQg 
IR T G PD Y HA DN Q DS S 
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Polypeptides having thyrotropin-receptor activity, 
nucleic acid sequences coding for such 

receptors and polypeptides, 
and applications of these polypeptides 



The invention relates to polypeptides having 
thyrotropin-receptor activity, to nucleic acids coding 
for such polypeptides, to antibodies to these 
polypeptides and to the use of the polypeptides and 
antibodies in assay methods. 

The literature references indicated by numbers in 
parentheses in this specification are listed in the form 
of a bibliography at the end of the description. 

Pituitary glycoproteins (Luteinizing hormone, LH; 
follicle stimulating hormone, FHS ; and thyroid 
stimulating hormone or thyrotropin, TSH) form a family of 
closely related hormones. 

The pituitary hormone thyrotropin (TSH) is the main 
physiological agent regulating the thyroid gland* It 
stimulates the function and the proliferation of 
thyrocytes and induces the expression of differentiation 
(1) . Most of its effects are mediated by cyclic AMP 
(cAMP) (1) . As the other pituitary and placental 
glycoprotein hormones (FSH, LH, CG) , TSH is a 
heterodimer. All these hormones share an identical alpha 
subunit ; the beta subunit, despite sequence similarity, 
is specific for each (2) . The activated TSH, FSH and LH- 
CG receptors stimulate adenylyl cyclase in their target 
cells via mechanisms mediated by the G protein Gs (3) . In 
man, the TSH receptor may be the target of autoimmune 
reactions leading to hyper- or hypo-stimulation of the 
thyroid gland by autoantibodies in Grave's disease and in 
idiopathic myxoedema, respectively (4) . 
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A prerequisite to studies of such diseases and to 
the elucidation of receptor structure and function is the 
availability of receptor preparations, particularly 
human, at a reasonable cost and in relative abundance. 

To date, particulate membrane preparations and 
detergent-solubilised thyroid membranes, often of porcine 
or bovine origin (4) have been used in such studies. 
Human receptor preparations are not only costly but are 
also difficult to reproduce identically. Furthermore, the 
known preparations cannot be considered to be "purified" 
receptors; they are enriched with respect to their 
receptor content but do not allow purification of the 
receptor to a degree which would enable a partial 
sequence analysis, and hence its cloning. These receptor 
preparations have never allowed characterisation of the 
entity responsible for the TSH-binding activity. 

Cloning and expression of the related LH-CG receptor 
has recently been achieved. A cDNA for the rat LH-CG 
receptor was isolated with use of a DNA probe generated 
in a polymerase chain reaction with oligonucleotide 
primers based on peptide sequences of purified receptor 
protein (15) . Variants of the porcine LH-CG receptor were 
cloned by screening a Agtll library with cDNA probes 
isolated with monoclonal antibodies (16) . 

Attempts have been made to clone the TSH 
receptor (6) using a method which exploits the sequence 
similarity displayed by all known G-protein coupled 
receptors. a pair of oligonucleotide primers 
corresponding to transmembrane segments III and VI were 
used on cDNA from thyroid tissue under conditions 
allowing amplification of the primed sequences by the 
polymerase chain reaction. The method did not allow 
cloning of the TSH receptor but led instead to the 



WO 91/09121 



PCI7EP90/02154 



3 

cloning of four new members of the G-protein coupled 
receptor family. 

The difficulties encountered in purifying and in 
cloning the TSH receptor are thought to be due to its 
extra-ordinary low abundance even in thyroid cells. 

. The present inventors have succeeded in cloning the 
TSH receptor and variants thereof, firstly by applying 
the technique described in (6) but with different sets of 
primers, and with human genomic DNA as the template, 
rather than cDNA and secondly by use of a selected 
sequence amplified by this technique as a probe. 

Certain aspects of the invention are illustrated in 
the figures 1 to 12. Figures illustrating amino-acid 
sequences use the one-ietter abbreviation system. 

Figure 1 is a sequence comparison of clone HGMP09 
with a pannel of G-protein coupled receptors (6 and ref. 
therein)'. Only the sequence around transmembrane segment 
III of each receptor is shown in the one letter code. 
Residues conserved in HGMP09 and in more than 50 % of the 
other receptors are indicated by an asterisk. The "DRY" 
and "Aspll3" residues (9) are indicated by ~. 

Figure 2a shows the primary structure of the dog TSH 
receptor, as deduced from the nucleic acid sequence of 
dTSHr. The sequence was aligned (17) with full-length rat 
and pig LH-CG sequences (15, 16) and with HGMP09 partial 
sequence. Numbering is given from the first residue 
predicted in the mature polypeptide by von Heihne 
algorithm (11) . Identical residues and conservative 
replacements in TSHr and LH-CGr are indicated by * and . , 
respectively. Sites for N glycosylation are underlined. 
Putative transmembrane segments are overlined. Lambda 
phages containing dTSHr inserts were subcloned in M13 and 
sequenced on both strands (Applied Biosystems model 370A) 
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using a combination of forced cloning and exonuclease in 
deletions (21) . 

Figure 2b is a dendogram constructed from the 
sequences of G-protein coupled receptors. The CLUSTAL 
algorithm (17) was used to construct a dendogram from the 
sequences of 22 receptors (6) and references therein) 
including rat and pig LH-CG receptors (16, 17), HGMP09 
and the TSH receptor. For each receptor, a segment 
corresponding to the known sequence of HGMP09 (131 
residues, extending from transmembrane segments II to V) 
was used for comparison by the program. 

Figure 3a shows TSH induced morphological changes in 
Yl cells microinjected with TSH receptor mRNA. Yl cells 
were microinjected with recombinant TSH receptor mRNA 
(0.1 pi at 0.25 ug/ul) (right) or water (left) as 
described (13) and incubated in control medium (upper 
panel) or with TSH (O.lnM) (lower panel), ro 201724 and 
insobytylmethylxanthine (lo* 6 M each) were present in all 
incubations . 

Figure 3b shows TSH induced cAMP accumulation in 
Xenopus oocytes microinjected with TSH receptor mRNA. 
Xenopus oocytes were handled as described (22) and 
injected with water (open symbols) or recombinant TSH 
receptor mRNA (13) (50 nl at 0.1 ug/ul) (filled symbols). 
After 3 days in control medium, batches of 35 oocytes 
were incubated for 90 min. in medium supplemented with 
various concentrations of TSH (circles), lh (squares) or 
FSH (triangles). cAMP was determined as described (14). 
RO 201724 and isobutylmethylxanthine (10" 6 M each) were 
present in all incubations, incubation of control oocytes 
in forskolin at 10'* M resultleld in doubling of the cAMP 
concentration (not shown) . 

Figure 4 illustrates the displacement of 125 i TSH 
receptors expressed in cos7 cells. Cos7 cells were 
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transfected with TSH receptor cDNA subcloned in pSVL 
(23). After 72 hours, cells were harvested and a membrane 
fraction was prepared (24) . Membranes were similarly 
prepared from wild type cos7 cells and from dog 
thyrocytes in primary culture (2 0). Binding of 125 I TSH 
> (TRAK Henning) was performed at 0*C for 12 0 min. in the 
presence of various concentrations of competitors (TSH- 
Armour, FSH and LH, UCB bioproducts) . Bound radioactivity 
was separated by centrifugation and counted. Results are 
expressed as percent 125 I TSH bound by transfected cells 
in the absence of competitor (3,000 cpm) over non- 
specific binding (radioactivity bound in the presence of 
lOOnM cold TSH, 800 cpm) . Open and filled circles 
represent displacement by cold TSH from cos7 and 
thyrocyte membranes respectively. Open and filled squares 
represent displacement from cos7 by LH and FSH, 
respectively. Diamonds represent control cos7 cells in 
presence of various amounts of cold TSH. 

Figure 5 shows the cDKA sequence coding for the dog 
TSH receptor, which was expressed in oocytes and culture 
cells. 

Figure 6 is a shematic representation of the dog 
thyrotropin receptor, showing the 7 putative 
transmembrane segments and the large NH2 terminal 
extracellular domain (to the exclusion of the signal 
peptide) . The amino-acids deleted in the variant form are 
indicated in black. The five putative glycosylation sites 
are shown. 

Figure 7 shows the sequence alignment of the repeats 
constituting the extracellular domain of the thyrotropin 
receptor amino-acid sequence. The signal peptide, as 
determined by Von Heijne algorithm is represented in 
italic. The repeat missing in the molecular varian of the 
receptor is indicated by the leftward arrow. 
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Figure 8 shows the primary structure of the human 
TSH receptor as deduced from its cDNA sequence. The 
amino-acid sequence corresponds to the 2292 nucleotide 
open reading frame determined from the sequencing of two 
overlapping inserts in lamda gtll clones (see examples) . 
It is aligned for comparison with the dog TSH receptor 
sequence (only non conserved amino-acids are indicated) . 
Numbering starts from the first residue of the mature 
polypeptide as determined by von Heijne algorithm [11]. 
Potential N-glycosylation sites are underlined and 
putative transmembrane segments are overlined. 

Figure 9 shows the displacement by nonradioactive 
TSH of [ t25 I]TSH from human TSH receptors expressed in 
cos-7 cells. Results are expressed as percentage of the 
[ 125 I] -labelled TSH bound by transfected cells in the 
absence of competitor (1400 cpm) after correcting for 
nonspecific binding (radioactivity bound in the presence 
of 100 nM unlabelled TSH # 240 cpm) . 

Figure 10 represents the displacement by 
immunoglobulins of [ 125 I]TSH from human TSH receptor 
expressed in cos-7 cells. Results are expressed as 
described in the legend to fig. 9. Immoglobulins were 
prepared (see examples) from a normal individual (N) , 
from patients with idiopathic myxoedema (IMl f IM2) or 
Graves 1 disease (GDI, GD2) . The concentration of 
immunoglobulins in the assay is indicated. The ability of 
IM1 and IM2 (1.5 mg/ml) to inhibit TSH-stimulated cAMP 
production in a human thyrocyte assay was 100 % and 85 %, 
respectively. The thyroid stimulating activity of GDI and 
GD2 (1.5 mg/ml) was equivalent to that of 10 mU/ml of 
TSH , respectively . 

Figure 11 shows the primary structure of a TSH 
receptor according to the invention, in which a plurality 
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of letters at any one site indicates the presence of one 
of the given amino acid residues at that site. 

Figure 12 illustrates the cDNA sequence of the 
cloned human TSH receptor. 

The invention relates to polypeptides possessing 
thyrotropin receptor activity , characterised in that 
they comprise the amino-acid sequence shown in fig 11, or 
a fragment thereof, or an amino-acid sequence derived 
from this sequence by substitution or deletion of any of 
the amino-acid residues indicated in fig 11 , or by 
insertion of additional amino-acid residues. Such derived 
sequences may show, for example, about 8 0 % homology with 
the sequence of figure 11. The polypeptides of the 
invention are in substantially pure form, and are 
preferably in a non-thyroid environment. By 
•substantially pure form 1 is meant •free of impurities 1 
associated with detergent-solubilised thyroid membrane 
preparations . 

By "TSH-receptor activity" is meant either TSH— 
binding properties or anti-TSH receptor antibody- 
binding properties or ability to activate adenylyl 
cyclase or phospholipase C via G proteins when exposed to 
TSH or anti-TSHr antibodies. These properties are easily 
verified by contacting the polypeptide with for example 
labelled TSH or labelled anti-TSHr antibodies or by 
monitoring the adenylyl cyclase activity of a membrane 
preparation containing the polypeptide. The polypeptides 
of the invention include the entire TSH receptor as 
identified by the inventors, and fragments or variants of 
this polypeptide as defined below. The entire TSH 
receptor is composed of a signal peptide (20 residues) 
followed by a large putative extracellular domain (3 98 
residues) containing 5 sites for N-glycosylation, 
connected to a 34 6 residue COOH domain containing seven 
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putative transmembrane segments. The amino-acid sequence 
of the receptor is illustrated in fig. n. 

More particularly, the invention relates to a 
polypeptide characterised in that it comprises an amino- 
acid sequence represented by the following general 
formula: 

[*]„ - [y]» " [z] p 
wherein n-0orl;m=0orl ;p=0orl ; 
with the proviso that n + m + p > o 

and x, y and z are defined as follows (using the one- 
letter amino-acid symbol and wherein 

a plurality of letters at any one site indicates the 
presence of one of the given amino-acid residues at that 
site, 

X = MRPADLLQLVLLLDLPRDL, 
PP H A A S 

y - at least the minimum number of consecutive amino- 
acids of the following sequence necessary for the 
presentation of immunogenic properties: 

GGMGCSSPPCECHQEEDFRVTCKDIQRIPSLPPSTQTLKLI 
K P D H T F 

ETHlilTIPSHAFSNI^^RIYVSIDLTLQQI^ 

QKR L A R M SS 

AlJCEIJ'UlCFia;iFOTGli<MFPDLTKWST 

GV V V A A 

TUa-YNNGFrSVQGYAFNGTKIJ)A^ 

I H SA T Y 

IJSKGLEHLKELIARNTOTIJGCLPl^LSFIJlLTRADI^YPSHCCAFKNQKKIRGII^Sl^ 

CNES SMQSLRQRKSVNALNS PLHQEYEENLGDS IVGYKEKSKPQDTHNNAHYYVFFEEQE 
T G FD Y HA DN Q DS S 

DEIIGFGQELKNPQEETLQAFDSHYDYTICGDSEDMVCTPKSDEFNPCED 
L V GN 
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and z = [ I - II -II,- - III " IHi ~ IV - V - VI - VII - 
VII i ] 

wherein the amino-acid sequences I - II - 11^ - III - 
Illi - IV - V - VI - VII - Vllf are independently present 
or absent and have the following meanings : 

I = IMG YKFLRI WWFVS LLALLGNVFVLLI LLTSHYK 

IV 

or at least 12 consecutive amino-acid residues of this 
sequence; 

II = LI^VPRFLMCNLAFADFCMGMYLiLLIASVDLYTHSEYYNHA 

T II IH K Q H Y 

or at least 12 consecutive amino-acid residues of this 
sequence; 

Hi - 

IDWQTGPGC 
A 

or at least 2 consecutive amino-acid residues of this 
sequence ; 

III = NTAGFFTVFASELSVYTLTVITL 

DA 

or at least 22 consecutive amino-acid residues of this 
sequence; 

Illi = 

ERWYAITFAMRLD 
HT H Q 

or at least 2 consecutive amino-acid residues of this 
sequence; 
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IV = RKIRIiRHACAIMVGGWVCCFLLALLPLVGISSYAKVSICL 

C VQ YSV M IFA AA F IF M 
A 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

V = PMDTETPLALAYIVFVLTLMIVAFVIVCCCYVKIYITVRN 

IDS SQL VIL L VL I S 
MSL V 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

VI = PQYNPGDKDTKIAKRMAVLIFTDFICMAPISFYALSAILNKPLIT 

M LM 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

VII = VS NSKI LLVLF Y PLNS CANPFLYAIFTKAFQRD 

T 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

VII = 

VFILLSKFGICKRQAQAYRGQRVPPKNSTDIQVQKVTHDMRQGLHNMEDVYELIEKS 

S AG I R SPQEL 

HLTPKKQGQISEEYMQTVL 
N K N 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

it being understood that any of the above-specified 
amino-acids can be replaced or deleted, and that extra 
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amino-acid residues may be inserted provided the 
thyrotropin receptor activity is maintained. 

The sequence represented by [x] n in the above 
general formula corresponds to the signal sequence of the 
TSH receptor. This part of the polypeptide naturally 
ensures the transport to the cell membrane of the 
adjoining [y] and/or [z] fragments, after its production 
in the cell. Clearly the signal sequence does not need to 
be present in the polypeptide in cases where transport to 
the membrane is not required (for example in in vitro 
translation of the mRNA encoding the polypeptide) , or may 
be replaced by other signal sequences to facilitate 
production of the recombinant receptor in certain host 
cells. 

The sequence represented by [ 2 3 p in the above 
general formula corresponds to the COOH domain of the 
entire polypeptide containing the seven putative 
transmembrane fragments I -VII, which show homology with 
the corresponding region of other G-protein coupled 
receptors. The polypeptides of the invention include, as 
indicated above, variants of the basic TSH receptor 
sequence lacking part or all of the transmembrane domain. 
It is thought that these types of variants may exist 
naturally as a result of an alternative splicing 
phenomenom. By homology with other, known G-protein 
coupled receptors, the seven putative transmembrane 
segments have tentatively been identified as shown in 
Fig. 11 (numbered I to VII) . The variant polypeptides of 
the invention include polypeptides missing some or all of 
the fragments^ - VII f as defined above, which definition 
includes the putative extracellular and intracellular 
"loops" occuring between the transmembrane segments (see 
fig. 6). The transmembrane segment (s) missing may 
therefore, for example, be a segment selected from 
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segments I to VII as indicated in fig. 11 or may be part 
of one of those segments, or may be a transmembrane 
segment in conjunction with its adjoining intracellular 
and/or extracellular loop. 

It is also within the terms of the invention to 
replace some or all of the transmembrane domain by the 
transmembrane domain, or part of this domain, of a 
different receptor, thus giving rise to a hybrid 
receptor. This type of receptor is particularly 
interesting in cases where the extracellular part of the 
TSH receptor needs to be anchored in a cell membrane 
having characteristics which are different from, or even 
incompatible with, the transmembrane portion of the TSH 
receptor. It is also possible to use as the transmembrane 
domain in a hybrid receptor any amino-acid sequence 
exhibiting suitable anchoring properties. Such a sequence 
could be entirely synthetic or based on any transmembrane 
protein. 

It is to be noted that the invention also embraces 
polypeptides having thyrotropin receptor activity which 
lack the entire transmembrane domain. In this case, the 
polypeptide corresponds to the extracellular domain of 
the naturally occur ing receptor. This extracellular part 
of the receptor which is apparently responsible for 
ligand binding, is identified by the region [y] in the 
general formula. A polypeptide lacking the entire 
transmembrane domain is respresented by the general 
formula [y] B , where m = 1, the [z] part of the sequence 
being absent. This extracellular part of the receptor 
LY] 9 is characterised by an imperfect repeat structure 
which can be aligned as shown in Fig 7. The polypeptides 
of the invention include variants in which one or more of 
these repeats is missing. It is however important that 
sufficient aminoacids be present to allow formation of 
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antibodies (monoclonal or polyclonal) . Such immunogenic 
amino-acid sequences may comprise for example 5, 6, 7, 8 
or 9 consecutive amino-acids of the "y" sequence defined 
above. The immunogenic nature of the fragments of the 
invention is tested by injection of the fragment in 
question into a laboratory animal, followed by 
investigation of the reactivity between any antibodies 
thus formed and the immunising fragment. 

In particular, the invention encompasses 
polypeptides in which the second repeat (marked by an 
arrow in fig 7) is missing. 

The invention also relates to nucleic acid sequences 
coding for the polypeptides of the invention as well as 
the corresponding complementary sequences. Examples of 
such sequences are those shown in figs. 5 and 12, and 
fragments of these sequences, as well as corresponding 
degenerate sequences. The nucleic acid fragments embraced 
by the invention normally have at least 8 nucleotides and 
have preferably at least' 12 or preferably at least 16 
nucleotides. Such fragments, or their complementary 
sequences can be used as primers in the amplification of 
segments of DNA using the polymerase chain reaction, for 
example in the production of cDNA coding for the 
polypeptides having thyrotropin receptor activity. 

The nucleic acid sequences of the invention coding 
for the entire TSH receptor are in a genetic environment 
other than that found naturally in thyroid cells. For 
example, the genetic environment may be that of a Cos-7 
cell, a CHO cell or Yl cells. 

The polypeptides of the invention can be produced in 
several different ways. For example, a host cell such as 
COS 7 cells, CHO cells, NIH3T3 cells, Xenopus oocytes or 
Yl cells can be transformed by a vector containing a 
nucleic acid insert coding for the desired peptide, in 
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conjunction with all the necessary regulatory elements 
such as promoter, transcription termination signals etc, 
or can be microinjected with recombinant mRNA transcribed 
from appropriate vectors containing the receptor encoded 
sequence . Expression of the insert normally leads to the 
insertion of the recombinant polypeptide in the membrane 
of the cell used as host. In this way, the receptor 
polypeptide can be used in this form, the receptor thus" 
being present in a non-thyroidal eukaryotic cellular 
environment, or in a solubilised membrane fragment form. 
The non-thyroid cells expressing the recombinant receptor 
exhibit a receptor density of upto ten times that 
observed in thyroid cells. 

Furthermore, in the case where only a fragment of 
the polypeptide is required, the correspondingly shorter 
nucleic acid sequence can be used to transform a suitable 
host cell, for example, a DNA coding for the putative 
extracellular region only, or one or more repeats of the 
repetitive portion of this region. It is also within the 
terms of the invention to synthesise the polypeptide 
chemically, by successive assembly of the required 
amino-acid residues, in cases where larger fragments are 
desired, it is possible to synthesise first a series of 
smaller fragments and to ultimately assemble these 
fragments to form the larger fragment. 

The invention also relates to antibodies, both 
polyclonal and monoclonal, to the thyrotropin-receptor 
polypeptides. The antibodies of the invention are 
preferably in a purified form, and may be of animal 
origin e.g. rabbit or mouse. As mentioned earlier, in man 
the TSH-receptor may be the target of auto-immune 
reactions giving rise to hyper- or hypo-stimulation of 
the thyroid gland by stimulating or blocking 
autoantibodies respectively. The antigenic nature of the 
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polypeptides of the invention, particularly the putative 
extracellular domain, permits the preparation of 
antibodies, which can be used in a variety of studies and 
assays. The TSH-receptor binds both TSH and anti-TSHr 
antibodies, thus it is possible in certain studies to 
replace TSH by anti-TSHr antibodies. The phenomenon of 
competition between labelled and unlabelled species is 
particularly useful in such assays. Use of specific 
fragments of the TSH receptor allows the preparation of 
antibodies against defined epitopes, and, by using a 
panel of such antibodies, allows further characterisation 
of the type of disorder present in auto- immune patients. 

One such assay falling within the terms of the 
invention is a process for the quantitative detection of 
thyrotropine (TSH) or of anti-thyrotropine receptor 
antibodies (anti-TSHr) in a biological sample 
characterised in that a polypeptide according to the 
invention is contacted with the biological sample 
suspected of containing TSH or anti-TSHr antibodies and, 
either simultaneously or subsequently, contacted with 
labelled TSH, or with labelled anti-TSHr antibodies and 
the remaining, bound labelled TSH or bound labelled 
anti-TSHr antibodies after competition between the 
labelled and unlabelled species, is measured. 

In this type of assay, the competition between the 
labelled TSH or labelled antibodies with the unlabelled 
TSH or antibodies present in the biological sample is 
measured as an indication of the concentration of that 
species in the sample. 

Alternatively, instead of using competition between 
two like-species to measure TSH, it is also possible to 
use a receptor polypeptide to bind the TSH in the 
biological sample, and then after washing to add labelled 
anti-TSH antibodies which selectively detect the bound 
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TSH. This type of assay can also be carried out using 
immobilized or solubilised receptor polypeptide to bind 
the anti-TSHr-antibody in a biological sample, followed 
by detection of the bound antibody by labelled anti 
immunoglobulins or protein A or protein G or any other 
agent capable of recognizing an antibody. 

Another means of assaying the TSH or anti-TSHr 
antibodies in a sample exploits the effect which the 
binding of these species with the TSH receptor has on the 
adenylyl cyclase activity of the cell bearing the 
receptor. Thus, this aspect of the inventions relates to 
a process for the quantitative detection of TSH or of 
anti-TSHr antibodies characterised by contacting intact 
cells operationally transformed by a nucleotide sequence, 
encoding a polypeptide of the invention or membrane 
preparations of such cells with the biological sample 
suspected of containing TSH or anti-TSHr antibodies and 
measuring in the intact cells or membranes the change in 
adenylyl cyclase activity, for example by measuring C-AMP 
generation or release. 

The binding of TSH itself or of stimulating anti- 
TSHr antibodies to the receptor polypeptide leads to an 
increase in adenylyl cyclase activity, whereas the 
binding of blocking anti-TSHr antibodies leads to an 
inhibition of TSH- induced adenylyl cyclase stimulation. 
By comparing the adenyl cyclase activity induced by 
exposure of the receptor polypeptide to TSH with that 
induced by antibodies in a sample r it is possible, 
according to the invention, to distinguish blocking 
antibodies from stimulating antibodies. In order to 
quantitatively determine blocking antibodies in a sample, 
the sample is contacted with the receptor polypeptides 
either at the same time as with TSH, or before contacting 
with TSH. In this way the adenylyl cyclase stimulating 
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effect of TSH on the receptor is blocked by the blocking 
antibodies and is quantified to indicate the 
concentration of blocking antibodies present in the 
sample. Such measurements can be carried out in intact 
cells bearing the TSH receptors of the invention, or in 
membrane preparations of such cells. Other effector 
systems which can be used in this type of detection are, 
for example, activities of phospholiphase C, protein 
tyrosine kinase, phospholipase A2 etc. 

The labels used in the assays of the invention are 
those conventionally used in the art, for example, 
radioactive labelling, enzymatic labelling, labelled 
anti-immunoglobulins, protein A, protein G, depending 
upon the type of assay. 

Another aspect of the invention relates to a process 
for the quantitative detection of fragments of TSH 
receptor in a biological fluid. Such fragments may be 
found circulating in patients suffering from thyroid 
disorders. This aspect of the invention involves 
contacting the sample with antibodies according to the 
invention which have previously been labelled, if 
necessary, and determining the binding, if any, in the 
sample by any method involving separation of bound 
labelled antibody from unboud labelled antibody or by 
competition between the said fragments and a polypeptide 
according to the invention. In this latter case it is 
necessary to label the receptor polypeptide, for example 
with 125 I. 

The antibodies of the invention may also be used in 
the immunohistochemical detection of TSH receptors, for 
example in endocrinological investigations or in 
anatomopathology. In this type of process, the antibodies 
are again labelled to permit their detection. 
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The polypeptides of the invention may also be used 
in the purification of stimulating or blocking antibodies 
to TSHr and of TSH by contacting the polypeptide with a 
source of TSH or anti-TSHr antibodies, separating the 
bound and free fractions and finally dissociating the 
receptor-bound entity. If necessary, further successive 
purification steps known per se may be added. Such a 
purification process is facilitated by the immobilisation 
of the receptor polypeptide, for example in a column or 
any other solid support. 

The invention also embraces kits suitable for the 
detection of TSH or anti-TSHr antibodies. Such kits are 
characterised in that they contain: 

a) a polypeptide according to the invention and defined 
above, said polypeptide having thyrotropin receptor 
activity and being either in an immobilised or 
solibilised form ? 

b) at least one of the following reagents: 

i) labelled TSH 

ii) labelled anti-TSHr antibodies 

iii) reagents necessary for the measurement of 
adenylyl cyclase activity. 

For example, a kit for effecting the detection of 
autoantibodies directed against the TSH receptor by 
competition would include the polypeptide of the 
invention, in immobilised or solubilised form, with 
labelled TSH or unlabelled TSH in combination with agents 
permitting the TSH to be labelled. Alternatively, such a 
kit might include antibodies to the TSH receptor and 
means of labelling them, instead of the TSH. 

The invention will be illustrated by the following 
examples : 
Examples 

I - Cloning of dog TSHr 
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a) Identification of HGMP09 

As most G protein-coupled receptor genes do not 
contain introns in their coding sequence, a similar 
strategy to that previously described (6) was used, but 
using different sets of degenerated primers and with 
human genomic DNA as starting material. Eleven clones 
displaying sequence similarity with G-protein coupled 
receptors where thus obtained (7). Out of these, one 
clone (HGMP09) which was amplified with primers 
corresponding to transmembrane segments II and VII, 
presented sequence characteristics suggesting that it 
belonged to a distinct subfamily of receptors. 

The primers used in this amplification were: 

5 1 TAGATCTAGACCTGGCGITTGCCGATCT 3 ' 
T T C GC T CA 
G 

and 5 1 ACTTAAGCTTGCAGTAGCCCAIAGGATT 3 » 

A AAAG G G 

a plurality of nucleotides at any one site indicating the 
presence of one of the given nucleotides at that site. 

A dendrogram constructed from the alignment shown in 
fig. 1 demonstrated that it is equally distant from all 
receptors cloned to date (7) ; in particular, it does not 
contain the canonical Asp Arg Tyr (DRY) tripeptide close 
to transmembrane segment III C5) and lacks the Asp residue 
implicated in the binding of charged amines is adrenergic 
(Aspll3), muscarinic , dopaminergic and serotonergic 
receptors (9) . 

b) Identification of dog TSHr 

In the frame of a systematic screening for the 
expression of the new receptors in thyroid tissue, HGMP09 
was used as a probe both in Northern blotting experiments 
with thyroid and non-thyroid tissues, and in screening of 
a dog thyroid cDNA library. HGMP09 did not hybridize to 
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thyroid mRNA but identified a major 2.6 kb transcript in 
the ovary and the testis. However, under moderate 
conditions of stringency it hybridized to one out of 
50,000 thyroid cDNA clones suggesting cross- 
hybridization with a relatively abundant putative 
receptor of the thyroid. From these characteristics, it 
was hypothesized that HGMP09 encoded a receptor fragment, 
distinct from the TSH receptor, but with sequence 
characteristics expected from close relatives like LH or 
FSH receptors. A full-length cross -hybridizing clone 
(dTSHr) was isolated and used as a probe in Northern 
blots of ten different dog tissues. It hybridized to a 
4.9 kb transcript present only in the thyroid gland and 
in cultured thyrocytes. Interestingly, the signal was 
much stronger in cultured thyrocytes exposed for several 
days to the cAMP agonist forskolin than in thyroid 
tissue. This is a characteristic one would expect from 
the TSH receptor whose expression is known to be up- 
regulated by cAMP agonists in cultured cells (10). A 
4,417 bp cDNA clone was sequenced completely. It contains 
an open reading frame of 764 aminoacids beginning with a 
20 residue signal peptide, as predicted by Von Heijne 
algorithm (11) (fig. 2a). Comparison to known G-protein 
coupled receptors (see hereunder and fig. 2b) and 
hydropathy profile analysis (not shown) demonstrated a 
346 residue C-terminal structure with seven putative 
transmembrane domains preceded by 398 aminoacids 
constituting a large putative extracellular domain, 
c) Expression of dog TSHr 

The encoded polypeptide was unambiguously identified 
as the TSH receptor by expression of the cDNA in a 
variety of systems. Microinjection of recombinant mRNA in 
adrenocortical Yl cells and in Xenopus oocytes conferred 
a TSH responsive phenotype to both systems. Yl cells 
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responded to TSH by a characteristic morphological change 
which is trigged by elevation of cAMP in the cytoplasm 
(12,13). Xenopus oocytes (fig- 3) displayed a dose- 
dependant increase in cAMP which was specific for 
stimulation by TSH and corresponded to the expected 
sensivity of the dog receptor to bovine TSH (half-maximal 
effect around 0.3 nM) (14). Transient expression of the 
receptor cDNA was obtained in Cos7 cells (fig 4) . 
Specific binding of 125 I TSH to membranes was observed 
only in transfected cells. The displacement curve of the 
label by TSH presented characteristics very similar to 
that obtained with membranes from dog thyrocytes (half- 
maximal displacement at 0.4 nM and 0.16 nM for cos cells 
and thyrocytes, respectively) (fig- 4c) . The slight 
rightward shift of the displacement curve obtained with 
Cos7 cell membranes may reflect the higher amount of 
receptors in this system. 

The cDNA coding for the dog TSH receptor was 
sequenced completely. The sequence is given in fig. 5. 
d) Comparison of TSHr with LH-CGr 

Comparison of the TSH receptor with the LH-CG 
receptor cloned recently (15, 16) reveals interesting 
common characteristics which make them members of a new 
subfamily of G-protein coupled receptors. They both 
display a long aminoterminal extension containing 
multiple sites for N glycosylation (five in the TSH 
receptor) . The TSH receptor has an extra 52 residue 
insert close to the junction between the putative 
extracellular domain and the first transmembrane segment 
(fig. 2a) . The overall sequence similarity between the 
extracellular domains of the TSH and LH-CG receptors is 
45% (fig 2a). The similarity between a segment of soybean 
lectin and the rat LH receptor <15) is not conserved in 
the TSH receptor, which suggests that it may be 
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fortuitous. The C-terminal half of the TSH receptor 
containing the transmembrane segments is 70% similar to 
both the pig and rat LH receptors (fig. 2a) . The homology 
is particularly impressive in the transmembrane segments 
themselves , where stretches of up to 24 identical 
residues are observed in a row (transmembrane region 
III) . Also, the carboxyl terminal region of the third 
putative intracellular loop, which is particularly short 
in TSH and LH receptors and which has been implicated in 
the interaction with G as (8, 9) , is identical in both 
receptor types. This pattern of similarities gives 
support to the view that the extracellular domain would 
be involved in the recognition of the ligands <A) , while 
the membrane-inserted domain would be responsible for the 
activation of G tt6 (15, 16). Together, the TSH and LH-CG 
receptors, and HGMP09 (there is strong preliminary 
evidence that HGMP09 could actually be the FSH 
receptor (7)> constitute clearly a distinct subfamily of 
G-protein coupled receptors. A sequence similarity 
dendrogram (17) including most of the G-protein coupled 
receptors cloned to date demonstrates both their close 
relationships and their distance from the bulk of the 
other receptors (fig. 2b). The complete sequence of the 
FSH receptor will reveal whether the known ability of 
LH— CG to stimulate the TSH receptor (18) is reflected by 
a higher sequence similarity of the extracellular domains 
of LH and TSH receptors. 

e) Identification of a dog TSHr variant 

Screening of the dog thyroid cDNA library (30) with 
the HGMP09 clone (thought to be part of the FSH 
receptor) , gave rise to 16 positive clones out of the 
840,000 screened plaques. Hybridization was carried out 
at 42°C in 35% formamide and the filters were washed at 
65 °C in 2 x SSC, 0.1% SDS before autoradiography. 12 
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clones were purified to homogeneity and analyzed by EcoRI 
digestion. Three clones (dTSHRl, dTSHR2 and dTSHR3) were 
subcloned in M13mpl8 and pBS vectors* dTSHRl and dTSHR2 
consisted of two EcoRI fragments of respectively 2800 and 
1500 bp. dTSHR3 was shorter, and consisted of 2200 and 
1500 bp EcoRI fragments. Restriction analysis of the 2800 
bp fragments of dTSHRl and dTSHR2 revealed slight 
differences in the restriction map, the main discordance 
being the presence of a PstI restriction site in dTSHRl 
and its absence in dTSGR2. dTSHRl was sequenced 
completely and revealed an open reading frame of 764 
codons which was identified as the thyrotropin receptor 
by expression of the cDNA in oocytes and cell cultures 
(see example 1(b) + fig 5). dTSHR3 was shown by 
sequencing to be completely colinear with dTSHRl but this 
cloned lacked 600 bp at its 5 1 end. Because of the 
difference in the restriction map of dTSHRl and dTSHR2 , 
this latter clone was also sequenced on both strands. 

The sequence revealed a number of mutations when 
compared with the dTSHRl clone. A total of 5 mutations/ 
including two single base substitutions , one single base 
deletion , one single base insertion and one 5 base 
insertion were found scattered in the 2060 bp long 3 1 
untranslated region (not shown) . However, the main 
difference between dTSHR2 and dTSHRl was located in the 
coding region, and consisted in a 75 bp deletion located 
240 bp after the start codon. The corresponding 25 
amino-acids deletion in the protein itself .is located in 
the long NH2 terminal extracellular domain which is 
characteristic of the TSH receptor (25) and its recently 
cloned close relative, the LH receptor (15, 16) (fig. 6) . 
As in the LH receptor, the NH2 terminal part of the 
thyrotropin receptor is characterized by an imperfect 
repeat structure that can be aligned as indicated in 
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fig. 7. These repeats are similar in structure to the 
leucine-rich repeats found in the various proteins 
comprising the family of leucine-rich glycoproteins (26 , 
15) , and references therein). The deletion in the dTSHR2 
clone corresponds exactly to one of these repeats, in a 
region of the protein where the repeat length is regular 
and their alignment unambiguous. The existence of such 
variant reinforces considerably the significance of this 
repeated structure and sets up interesting questions 
concerning its functional meaning and the structure of 
the chromosomal gene. 

The extracellular domains of TSH and LH receptors 
are apparently responsible for the ligand binding (4) . 
The deleted repeat also contains one of the 5 consensus 
sequences for N-glycosylation. Glycosylation of the TSH 
receptor could be important for ligand binding or signal 
transduction. If, and to what extent, the lack of this 
repeat influences the binding capabilities and/or the 
function of the receptor variant, is not yet known. 
Comparison of cell lines expressing this variant with the 
presently available stable transf ectants expressing the 
full size receptor should partially answer this question. 
The functional analysis of otber in-vitro generated 
mutants of the TSH receptor will complete the study. 

The deletion of a full repeat gives also some 
insight on the structure of the TSH receptor gene. It is 
highly probable that the repeat unit corresponds to a 
complete exon, and it is therefore possible that all 
repeats would be separated by introns. It is interesting 
to note that most of the genes coding for G-protein 
coupled receptors are completely devoid of intronic 
structures. The functional or evolutionary significance 
of this observation is not known, but a highly fragmented 
exonic structure of the glycoprotein hormone receptor 
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genes would be in clear contrast to the rest of the 

receptor family. 

II - Cloning of the human TSHr 

A human lambda gtll cDNA library (29) was screened 
with a fragment of the dog TSHr (25) • Out of the 218 
clones scored as positive (1/6000) , 24 were plague- 
purified to homogeneity and the size of the inserts was 
determined. Two clones which harbored inserts of 2370 bp 
and 3050 bp, respectively, were subcloned as overlapping 
fragments in M13 derivatives and sequenced (fig 12), A 
total of 4272 bp were determined in which a 2292 bp open 
reading frame was identified. When translated into 
protein, the coding sequence showed an overall 90-3 % 
similarity with the dbg TSHr (Fig- 8) [1]. It displayed 
all the characteristics described recently for the 
subfamily of G protein-coupled receptors binding 
glycoprotein hormones (25, 15, 16) ; a signal peptide (2 0 
residues) followed by a large putative extracellular 
domain (398 residues) containing 5 sites for N- 
glycosylation, connected to a 34 6 residue carboxyl- 
terminal domain containing seven putative transmembrane 
segments (fig. 8). It has been suggested that the amino- 
terminal domain, which is not found in other G protein- 
coupled receptors, might correspond to the region 
involved in the binding of the bulky pituitary and 
placental glycoprotein hormones (25, 15, 16) . 

Variants of the hTSHr 

When probed with the putative human TSHr, a Northern 
blot of RNA from human placenta, testis and thyroid 
revealeld two major 4.6 and 4.4 kb thyroid-specific 
transcrips. Minor thyroid-specific RNA species of smaller 
size were also observed. Although the former could simply 
correspond to multiple polyadenylation sites in the 3 1 
region of the gene, this situation is reminiscent of what 
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has been observed for the porcine LH-CG receptor. In this 
case, multiple transcripts were found to correspond to 
variants of the receptor cDNA lacking the potential to 
encode the membrane spanning segments (16) . Whether this 
observation with important implications on receptor 
function and regulation also applies to the human TSHr 
will await sequencing of additional clones from the cDNA 
library. 

Expression of hTSHr 

To provide definite proof that the clones isolated 
encoded a human TSH receptor, the coding sequence was 
inserted in the SV4 0-based vector pSVL, and the resulting 
construct transfected in Cos-7 cells (24). Membranes 
prepared from transfected cells demonstrated specific 
binding of [ 125 I]TSH (fig. 9). The unlabelled competitor 
TSH was bovine. The characteristics of the displacement 
curve with unlabelled TSH were similar to those observed 
with the dog TSHr assayed under similar conditions (half 
maximal displacement around 0.5 nM) (25). 

From the sequence similarity with dog TSHr, the 
tissue specific expression of the corresponding 
transcripts and the binding studies on membranes from 
transfected COS-7 cells, it was concluded that a bona 
fide human TSHr has been cloned. 

Antibodies to hTSHr 

To investigate the relevance of the cloned human 
TSHr to thyroid autoimmunity, competition was tested 
between [ 125 I]TSH and immunoglubulins prepared from 
patients, for binding to the recombinant receptor 
expressed in Cos-7 cells (fig io) . Immunoglobulins were 
prepared from the serum of patients or normal individuals 
by ammonium sulphate precipitation. They were dissolved 
in water and dialysed extensively against Dulbecco's 
modified Eagle medium. While immunoglobulins from normal 
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individuals did not displace [ 125 I]TSH, samples from two 
patients with idiopathic myxoedema clearly did, in a 
dose-dependant manner. The steep dose-response which was 
observed suggests that immunoglobulins from these 
patients present a very high affinity for the recombinant 
receptor. When samples from two patients with Graves' 
disease having high levels of thyroid stimulating 
immunoglobulins in the circulation were tested , one of 
them showed limited ability to displace labelled TSH 
under the conditions of the assay (fig. 10). The 
difference in the potency of these two categories of 
immunoglobulins to displace TSH from the receptor 
expressed in Cos-7 cells may reflect differences in their 
affinity for a common antigen. Alternatively, despite 
previous studies suggesting that both stimulating and 
blocking antibodies would bind to the same part of the 
TSHr (26 , 27) , it may correspond to more basic 
differences in the actual nature of their respective 
antigenic targets. Studies where binding activity of a 
larger collection of immunoglobulins are compared to 
their ability to activate adenylate cyclase in 
permanently transfected cells will help to clarify this 
point. 
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Claims 

1. Polypeptide possessing thyrotropin receptor activity, 
characterised in that it comprises the amino-acid 
sequence shown in fig 11, or a fragment thereof, or an 
amino-acid sequence derived from this sequence by 
substitution or deletion of any of the amino-acid 
residues indicated in fig 11, or by insertion of 
additional amino-acid residues. 

2. Polypeptide according to claim 1, characterised in 
that it comprises an amino-acid sequence represented by 
the following general formula: 

[x] n - [ylm - [z] P 
wherein n = 0 or 1 ; m = 0 or 1 ; p = 0 or 1 ; 

with the proviso that n + m + p > 0 

and x, y and z are defined as follows (using the one- 
letter amino-acid symbol and wherein 

a plurality of letters at any one site indicates the 
presence of one of the given amino-acid residues at that 
site) : 

X = MRPADLLQLVLLLDLPRDL, 
PP H A A S 

y = at least the minimum number of consecutive amino- 
acids of the following sequence necessary for the 
presentation of immunogenic properties: 

GGMGCSSPPCECHQEEDFRVTCKDIQRIPSLPPSTQTLKLI 
K P D H T F 

ETHUITIPSHAFSNLP^RIYVSIDLTI^ 

Q K R L A R M S S 

AIJCEI^UJCFLGIFNTGIiCMFPDLTKVYSTO 

GV V V A A 
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TIJGLYNNGFTSVQGYAFNGT^ 

I H SA T Y 

I^SKGUMDOELIARNTOTIJ^IPI^I^FM 

q^SMQSIitQRKSVNAI^SPLHQ^ 

IR T G FD Y HA DN Q DS S 

DEIIGFGQELKNPQEETLQAFDSHYDYTICGDSEDMVCTPKSDEFNPCED 
L V GN 

and z = [ I - II -II. - in - in- - IV - V - VI - VII - 
VHi ] 

wherein the araino-acid sequences I - II - II,- - m - 
III,- - IV - V - VI - VII - VII,- are independently present 
or absent and have the following meanings: 

I = IMGYKFIJIIVWFVSLIALLGNVFVLLILLTSHYK 

IV 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

II = LNVPRFI24CNIAFADFCMGMYIXLIASVDLYTHSEYYNHA 

T II IHKQHY 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

Hi - 
IDWQTGPGC 
A 

or at least 2 consecutive amino-acid residues of this 
sequence ; 

III = NTAGFFTVFASELSVYTLTVTTL 

DA 
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or at least 22 consecutive amino-acid residues of this 
sequence; 

III, = 

ERWYAITFAMRLD 
HT H Q 

or at least 2 consecutive amino-acid residues of this 
sequence ; 

IV = RKIRLRHACAIMVGGWVCCFLIALLPLVGISSYAKVSICL 

C VQ YSV M I FA AA F IF M 
A 

or at least 12 consecutive amino-acid residues of this 
sequence; 

V - PMIW'ETPIAIAYIVFVLTLNIVAFVIVCCCYVKiyiTVRN 

IDS SQL VI L L VL I S 
MSL V 

or at least 12 consecutive amino-acid residues of this 
sequence; 

VI = PQYNPGDKDTKIAKRMAVLIFTDFICMAPISFYALSAILNKPLIT 

M LM 

or at least 12 consecutive amino-acid residues of this 
sequence; 

VII = VSNSKILLVLFYPLNSCANPFLYAIFTKAFQRD 

T 

or at least 12 consecutive amino-acid residues of this 
sequence ; 
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VIIj = 

VFILLSKFGICKRQAQAYRGQRVPPKNSTDIQVQKVTHDMRQGLHNMEDVYELIENS 

S AG I R SPQEL 

HLTPKKQGQISEEYMQTVL 
N K N 

or at least 12 consecutive amino-acid residues of this 
sequence ; 

it being understood that any of the above-specified 
amino-acids can be replaced or deleted, and that extra 
amino-acid residues may be inserted provided the 
thyrotropin receptor activity is maintained. 
3. Polypeptide according to claim l f characterised in 
that "y** is composed • of at least one of the following 
sub-sequences : y, to y 13 : 

Yl : GHGCS S PPCECHQEEDFRVTCKDIQRI PS LPPSTQT 
K P D H T 

Y2 : LKLXETHLRTIPSHAFSNLPNISR 
F Q K R 

Y3 : IYVSIDLTLQQLESHSFY NLSK VTH 
L A R M 

Y4 : IEIRNTRNLTYIDPDALKELPLLKF 
S S 

Y5 : LGIFNTGLKMFPDLTKVYSTDIFFI 
GV V V 

Y6 : LE ITDNP YMTS I PVNAFQG LCNETL 
A A 

Y7 : TLKLYNNGFTSVQGYAFNGTKLDAV 

I H 
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Y8 : YLNKNKYLTVIDKDAFGGVYSGPS 
SA T 

Y9 : LIiDVSQTSVTALPSKGLEHLKELIA 
Y 

Y10 : RNTWT LKKLPLS IS FLHLTRADL 

Yll : S YPSHCC AFKNQKKIRG I LE S LMCN 

Y12 : ES SMQS LRQRKS VNALNS PUIQE YE 
IR T G FD 

YL3: 

ENIXSDSIVGYKEKSKFQDTHNNj^YYVFFEEQEDEIIGFGQ 
Y HA DN Q DS S L 

Y D YTI CG DSE DMVCTPKS DE FN PCE D 
V GN 

4. Polypeptide according to any of claims 1 to 3, in 
which part of the polypeptide is heterologous to the TSH 
receptor, for example the part forming the transmembrane 
domain, the polypeptide thus being a hybrid polypeptide. 

5. Polypeptide according to claim 1, characterised by 
the sequence shown in fig. 11. 

6. Nucleotide sequence coding for the polypeptide 
according to claims 1 to 5, and fragments of such 
sequences having at least 8 nucleotides, preferably at 
least 12 nucleotides, and most preferably at least 16 
nucleotides, and nucleotide sequences which are 
complementary to said sequence or fragment. 

7. Nucleotide sequence according to claim 5 
characterised in that the sequence is a DNA sequence 
having the sequence shown in fig* 5 or fig. 12, or 
fragments of this sequence having at least 8 nucleotides, 
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preferably at least 12 nucleotides, and most preferably 
at least 16 nucleotides, or sequence complementary to 
said sequence or fragment. 

8. Process for the preparation of a polypeptide 
according to any one of claims 1 to 5 by the expression 
of a nucleic acid coding for the polypeptide in a host 
cell transformed by a vector in which the said nucleic 
acid has been operationally inserted. 

9. Process for the quantitative detection of 
thyrotr opine (TSH) or of anti-thyrotropine receptor 
antibodies (anti-TSHr) in a biological sample 
characterised in that a polypeptide according to any one 
of claims 1-5 is contacted with the biological sample 
suspected of containing TSH or anti-TSHr antibodies, and 
either simultaneously or subsequently is contacted with 
labelled TSH, or with labelled anti-TSHr antibodies and 
the remaining, bound labelled TSH or bound labelled 
anti-TSHr antibodies, after competition between the 
labelled and unlabelled species, is measured. 

10. Process for the quantitative detection of TSH or of 
anti-TSHr antibodies characterised by contacting intact 
cells operationally transformed by a nucleotide sequence, 
according to claim 5 or 6 or membrane preparations of 
such cells with the biological sample suspected of 
containing TSH or anti-TSHr antibodies and measuring in 
the intact cells or membranes the change in adenylyl 
cyclase activity, for example by measuring C-AMP 
generation or release. 

11. Process according to claim 10 characterised in that 
the intact cells expressing the receptor polypeptide or 
the membranes of such cells are contacted with the 
biological sample and, either stimultaneously or 
subsequently with TSH, thereby allowing any inhibition 
of the adenylyl cyclase activating effect of TSH by 
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"blocking" anti-TSHr antibodies present in the biological 
sample to be detected. 

12. Polyclonal or monoclonal antibodies to the receptor 
polypeptide of claims 1 to 5. 

13. Process for the purification of TSH or of stimulating 
and blocking antibodies to TSHr by contacting a 
polypeptide according to any one of claims 1 to 5 with a 
source of TSH or anti TSHr antibodies, followed by the 
separation of bound and free entities, and dissociation 
of the receptor-bound TSH or antibodies. 

14. Process for the quantitative detection of fragments 
of TSHr in a biological sample by contacting the sample 
with antibodies according to claim 12, which have 
previously been labelled, if necessary, and determining 
the binding, if any, in the sample, by any method 
involving separation of the bound labelled antibody from 
unbound labelled antibody, or by competition between the 
said fragments and a polypeptide according to any one of 
claims 1 to 5 for the said antibodies, said polypeptide 
being labelled for example by 125 I. 

15. Use of the antibodies according to claim 12 in the 
immunohistochemical detection of TSH receptor in a 
biological sample . 

16. Kit for the detection of TSH or anti-TSHr antibodies 
characterised in that it contains: 

a) Polypeptide according to any one of claims 1 to 5, 
having • thyrotropin receptor activity and being either 
in an immobilised or solubilised form ; 

b) at least one of the following reagents: 

i) labelled TSH 

ii) labelled anti-TSHr antibodies 

iii) reagents necessary for the measurement of 
adenylyl cyclase activity. 



DOCID: «=WO 01ftS1?lA?» I > 



WO 91/09121 



PCT/EP90/02154 



38 

17. Kit according to claim 16, characterised in that the 
polypeptide is present in the form of intact cells 
previously operationally transformed by a nucleotide 
sequence coding for said polypeptide and consequently 
bearing said polypeptide in its membrane, or in the 
form of solubilized membranes of such cells. 
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